We previously demonstrated that human chorionic gonadotropin b (hCGb) induced migration and invasion in human prostate cancer cells. However, the involved molecular mechanisms are unclear. Here, we established a stable prostate cancer cell line overexpressing hCGb and tested hCGb-triggered signaling pathways causing cell migration and invasion. ELISA showed that the hCGb amount secreted into medium increased with culture time after the hCGb-transfected cells were incubated for 3, 6, 9, 12 and 24 h. More, hCGb standards promoted MAPK (ERK1/2) phosphorylation and increased MMP-2 expression and activity in both dose-and time-dependent manners in hCGb non-transfected cells. In addition, hCGb promoted ERK1/2 phosphorylation and increased MMP-2 expression and activity significantly in hCGb transfected DU145 cells. Whereas ERK1/2 blocker PD98059 (25 mM) significantly downregulated phosphorylated ERK1/2 and MMP-2. Particularly, hCGb promoted cell migration and invasion, yet the PD98059 diminished the hCGb-induced cell motility under those conditions. These results indicated that hCGb induced cell motility via promoting ERK1/2 phosphorylation and MMP-2 upregulation in human prostate cancer DU145 cells.
Introduction
Prostate cancer is one of the most commonly diagnosed cancers and the sixth leading cause of death in the males in the world [1] . Currently, the main methods for the treatment of prostate cancer are radical prostatectomy, external beam radiation therapy, brachytherapy, systemic androgen deprivation therapy and chemotherapy, etc. [2] [3] [4] [5] [6] . But the therapeutic efficacy is unsatisfactory. Development of new therapy such as molecular therapy is necessary for treating prostate cancer. But the characterization of the molecular mechanisms causing prostate cancer is the basis for establishing a new therapy. If we determine the therapeutic molecular targets that contributed to prostate cancer first, then we can treat patients via targeting those tumor markers to inhibit prostate cancer, further improve the prognosis and lower the mortality.
Human chorionic gonadotropins (hCGs) are heterodimeric glycoproteins secreted by trophoblastic cells in normal pregnancy.
HCGs have a few isoforms containing intact hCG, hCGa, hCGb, hyperglycosylated (hCGh), nicked (hCGn) and core fragment of hCGb (hCGbcf) [7] . HCGb is a molecule with independent function. It has been shown that free hCGb is a potential tumor marker produced by a variety of tumors [8] [9] [10] . We previously reported that hCGb decreased E-cadherin expression leading to migration and invasion in prostate cancer cells [11] . However, the involved whole mechanisms are not clear.
Extracellular signal-regulated kinase1/2 (ERK1/2) activation has been implicated in carcinogenesis and cancer progression. Increased ERK1/2 activity promotes cancer cell proliferation and metastasis in various cancer cell lines [12] [13] [14] [15] . ERK1/2 blocker, PD98059 resulted in a reduction of cell growth and invasiveness in prostate cancer. In MA-10 Leydig cells, hCG triggered transient ERK1/2 activation via upstream protein kinase A (PKA) [12] . In addition, hCG also induces ERK1/2 phosphorylation in a PKAindependent manner in endometrium and is involved in carcinogenesis [13, 14] . Besides, there is evidence that matrix metalloproteinases (MMPs) expression was regulated by ERK1/2 in invasive carcinomas. Studies showed that activated ERK1/2 regulated the activity of MMPs leading to extracelluar matrix (ECM) degradation and cell motility [13] [14] [15] . Many MMPs are considered as essential proteases in the ECM degradation and remodeling [16] . Report showed that hCG stimulated the secretion of MMP-2 and MMP-9 in a dose-dependent manner in cytotrophoblastic cells [17] . Further, hCG upregulated MMP-2 activity and promoted cell motility in SGHPL-5 cell lines [18] . In human prostate cancer, enhanced MMP-2 and MMP-9 activity contributed to tumor invasion and metastasis [19] [20] [21] . Studies showed that vitamin D and Vitamin D analog ZK191784 downregulated MMPs to inhibit invasion in prostate cancer [22] [23] [24] . Undoubtedly, MMPs are the important anti-invasion targets. Hence, we propose that hCGb might increase ERK1/2 phosphorylation and further upregulate MMPs to promote cell motility.
Consequently, here we will investigate hCGb-triggered signaling pathways and the linkage between hCGb expression and cell motility. Through this study, we hope that we will find new clues in molecular therapy to treat prostate cancer.
Materials and Methods

Materials
HCGb standards were purchased from Abcam (Hong Kong). The construct pVSneo-hCGb containing hCGb cDNA was purchased from Stratagene (La Jolla, CA). Restriction enzymes SalI, XhoI, EcoRI, BamHI, HindIII and T4 DNA ligase, competent cells are the products of Invitrogen (Carlsbad, CA). G418 and crystal violet were purchased from Sigma (St. Louis, MO). Human prostate cancer DU145 and PC3 (to be a backup) cells were the products of American Typical Culture Collection (Rockville, MD). Cells were cultured in DMEM medium (Hyclone) supplemented with 10% fetal bovine serum (Invitrogen), 100 units/mL penicillin, and 100 mg/mL streptomycin at 37uC, 95% air and 5% CO 2 . Transwell plates with inner inserts or artificial basement membranes were bought from BD Biosciences (Bedford, MA). Anti-hCGb was from BioDesign International (Saco, ME); anti-ERK1/2, anti-phospho-ERK1/2 and anti-MMP-2 were purchased from Cell Signaling Technology, Inc (Shanghai, China).
Transfection
Via transfection, we established stable cell line overexpressing hCGb in DU145 cells. The control vector pVSneo-vector was made by cutting hCGb cDNA by restriction enzymes first and then autoligation as described previously [11] . Cells were seeded in six-well plates with DMEM growing medium. When the cells come to 90% confluency, the constructs containing the pVSneohCGb or pVSneo-Vector were transfected into DU145 cells following FuGene HD transfection reagent (Roche, USA) and the manufacturer's instructions. After the cells were incubated at 37uC for 48 hours, the cells were digested by trypsin-EDTA and grown in the selection medium containing G418 (1.2 mg/mL). Further, cells were incubated for two more weeks. The cells without integration of hCGb gene were dead and floating in the medium and the single colonies which stably express hCGb were collected. The screened cells were cultured in selection medium (600 mg/mL G418) for two more weeks until no dead cells were found. The selected cells were maintained in medium containing 600 mg/mL G418 for further test. We succeeded in establishing the stable cell lines in the previous work [11] ; here we used a new transfection reagent to enhance transfection efficiency.
Real-time PCR
Cells were grown as the routine procedures in the culture medium. Then, total RNA was isolated using TriZol Reagent (Invitrogen, USA). HCGb cDNA was made using Reverse Transcriptase Kit (TaKaRa, China) with 1.5 mg of total RNA following the manufacturer's instruction. Real-time PCR was performed on a Stratagene Mx3000P instrument. For real-time thermal cycling, triplicate aliquots of cDNA were used in a reaction mixture containing 250 nM of each primer in a reaction volume of 25 ml by the PrimeScriptTM RT reagent Kit (TaKaRa, China). The PCR cycling program was run with an initial predenaturation step at 94uC for 60 s, then with a 40 cycle of amplification steps, at 94uC for 30 s, 57uC for 30 s, 72uC for 20 s. The primers were as follows:
hCGb ( b-actin (reverse): 59-GATCCACATCTGCTGGAAGG-39. Data was collected and analyzed following the manufacturer's manual instruction.
ELISA
HCGb is a secreted protein, which might interact with some receptors, such as luteinizing hormone receptor, etc. to play a role in triggering the signaling pathways. Therefore we need to make sure that expressed hCGb was secreted into cell medium. After the stable DU145 cells were grown to 70% conuency in the growing medium, the cells were washed for three times with serum-free DMEM medium. Then the cells were cultured in serum-free DMEM medium at 3, 6, 9, 12 and 24 h. The medium was collected at the indicated time points and the ELISA was performed to test secreted hCGb via a b-hCG ELISA kit (DRG Diagnostics, New Jersey, USA) following the manufacturer's instruction. In the previous study, we succeeded in detecting the hCGb secretion in hCGb transfected cells via an hCGb detection Kit, F-hCGb ccubind ELISA, from Monobind (Costa Mesa, CA) [11] . In order to reproduce and confirm these results, we used a bhCG ELISA kit to determine hCGb secretion.
Immunoblotting
After the DU145 cells were cultured for the required time, cells were collected and lysed with lysis buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 0.1% SDS, 1% sodium deoxycholate and protease inhibitors, Thermo Scientific, USA). Cell lysate was centrifuged at 18,000 g for 20 min. Total protein concentrations were tested by BCA Protein Assay Kit (invitrogen). Eighty microgram of protein was loaded on 10% SDS-PAGE gels and run for required time depending on the molecular weight, then transferred to nitrocellulose membranes via the semi-dry transfer. The membranes were blocked in 1.5% BSA in TBS-T buffer for 1 h at room temperature with gentle shaking, then were incubated with primary antibodies separately, at 4uC, overnight. After washing with TBST 3610 minutes each, the membranes were probed with the uorescence-labeled secondary antibody (LI-COR Bioscience, Lincoln, NE) for 1 h at room temperature. After three washes, the membranes were scanned in the 700 or 800 channels using the Odyssey Infrared Imaging System (LI-COR Bioscience, Lincoln, NB, USA). b-actin was used for equal loading and normalization. Antibodies were diluted appropriately.
Gelatin Zymography
After the ERK1/2 blocker PD98059 (25 mM) was applied to treat DU145 cells for 2 h, we changed the 10% fetal bovine serum DMEM medium into serum-free medium, and cultured for 24 hours. Medium with secreted hCGb was collected from an equal number of cells and mixed with equal amounts of non-reduced sample buffer. The equal volumes of medium were electrophoresed on 10% SDS-polyacrylamide gels containing 1 mg/ml gelatin as a protease substrate. The gel was washed in 2.5% Triton X-100 solution at room temperature with gentle agitation and was soaked in the buffer (50 mM Tris-HCl, pH 7.5, 0.2 M NaCl, 5 mM CaCl 2 ?2 H 2 O, and 0.02% Brij-35, pH7.6) at 37uC for 42 hours. After incubation, the gel was stained for 30 min with staining solution (0.5% Coomassie Brilliant Blue, 25% isopropanol, and 10% acetic acid). Then the stained gel was destained with an appropriate Coomassie R-250 destaining solution (50% methanol, 10% acetic acid). In the area with matrix metalloproteinases, clear bands against a dark blue background will show up. To show equal loading, a parallel SDS gel was run to test MMP-2 and bactin via Western blot.
Cell Motility Assays
Prostate cancer cell migration was done in a 24-well plate with inner chamber; the chamber bottom has 8 mm pores. Total 1610 5 cells were seeded in the upper chamber with 500 ml serum-free medium, and 1 ml DMEM medium with 10% fetal bovine serum was added in the lower chamber. After the cells were grown for 6 hours, the cells on the upper chamber were removed with a cotton swab. The migrated cells (or pseudopodia) on the bottom of the chamber were fixed with 100% methanol for 10 min at -20uC, then stained with 0.5% crystal violet solution at room temperature for 10 min. After moving away the crystal violet solution, the cells were rinsed with distilled water until no excess dye was viewed. The migrated cells or pseudopodia were photographed and counted from 5 randomly selected areas; the images were photographed with camera with a Leica DM IRB microscope at 6200 magnification. Invasion assay was performed by the Tumor Invasion System (8 mm pore, BD BioCoat). The bottom of cell culture insert was coated with artificial basement membrane coated with matrigel. Basement membrane is thin extracellular matrix underlying epithelial cells. Matrigel is a commercial product extracted from a mouse sarcoma rich in extracellular matrix proteins. The major component is laminin, followed by collagen IV and heparin sulfate proteoglycans. The other procedures are the same as in the migration assay.
Statistical Analysis
Data were subjected to analysis of variance with posttests for comparison among specific groups. Data were expressed as means 6 SEM and analyzed for statistical significance using analysis of variance (ANOVA). Bonferroni corrections for multiple comparisons against a single group were used. P,0.05 was considered statistically significant. The minimum number of repetitive experiments was 3. 
Results
HCGb Expression
First we constructed a control vector as previously described; then DU145 cells were transfected with constructs either with or without hCGb cDNA. After establishment of the stable cell lines, cells were maintained in the medium containing 600 mg/mL G418 for further studies. To test hCGb expression in transfected DU145 cells, both real-time PCR and Western blot were used to determine mRNA and protein expression after the cells were incubated for 24 hours, respectively (Figure1A, Figure1B) . These results showed that hCGb was highly expressed in both mRNA and protein levels versus empty-vector transfected DU145 (DV) cells. Either hCGb mRNA or protein amount was little in the control cells under these experimental conditions.
HCG Secretion
ELISA showed that hCGb was secreted into medium tremendously in 24 hours; the amount was up to 150 ng/ml (Figure 2 ). The amount of hCGb secretion was increased by incubation time. Note that we established a stable cell line overexpressing hCGb. HCGb might play an important role in the signaling between extracellular and intracellular communications.
HCGb Activated ERK1/2
HCGb standards was applied to treat non-transfected DU145 cells at doses of 25, 50, 100 and 200 ng/ml for 24 h, Western blot showed that ERK1/2 expression was increased following a dosedependent trend, and ERK1/2 phosphorylation came to peak with a treatment 200 ng/ml hCGb ( Figure 3A) . Consequently, we treated cells at 0 (CON, control), 5, 15, 30 and 60 min to determine ERK1/2 phosphorylation. The results showed that ERK1/2 phosphorylation followed a time dependent manner and came to peak at 30 min of treatment with 200 ng/ml hCGb ( Figure 3B ). In addition, ERK1/2 phosphorylation was found significantly higher in the hCGb transfected DU145 (DH) cells than control cells. However, PD98059 (25 mM), a specific blocker, prevented ERK1/2 phosphorylation significantly versus untreated cells ( Figure 3C ). Note that hCGb caused ERK1/2 activation following dose-and time-dependent manners.
HCGb Induced MMP-2 Expression via Activation of ERK1/ 2
MMP-2 was demonstrated to be involved in cancer cell migration and invasion. Here we investigated hCGb-induced MMP-2 expression in the hCGb non-transfected DU145 cells. HCGb standards was added into the serum-free medium at the doses of 0 (CON, control), 25, 50, 100 and 200 ng/ml. Western blot showed that hCGb increased MMP-2 expression in a dose dependent manner, MMP-2 expression was increased to peak when treated with 200 ng/ml hCGb ( Figure 4A ). Furthermore, we treated the cells with PD98059 (25 mM), the results showed that MMP-2 expression in DH cells was remarkably downregulated (Figure 4B ), indicating that MMP-2 upregulation resulted from ERK1/2 phosphorylation.
HCGb Increased MMP-2 Activity via Activation of ERK1/2
Gelatin zymography assay showed that MMP-2 activity was reduced by PD98059 (25 mM) (Figure 5 ), indicating that hCGb activated MMP-2 via ERK1/2 phosphorylation.
HCGb Increased Cell Motility via ERK1/2 Phosphorylation
In the previous study, we demonstrated that hCGb induced prostate cancer cell migration and invasion. In the present study we further confirmed how hCGb induced cell migratory and invasive behaviors. To know whether hCGb induced cell motility resulted from ERK1/2 phosphorylation, the migration and invasion assays were conducted either with or without PD98059 (25 mM). The exact methods were as described in the Methods. Results showed that hCGb significantly increased both cell migration and invasion; but PD98059 significantly decreased those effects ( Figure 6A, Figure 6B ). Note that hCGb exactly accelerated cell migration and invasion via ERK1/2 phosphorylation.
Discussion
Prostate cancer accounts for 29% of all cancers in men [25] . Prostate cancer cells have a striking tendency to metastasis, and metastasis is the major cause of mortality for cancer patients [26] . Therefore, it is necessary to find and characterize the molecular targets to inhibit invasion and metastasis via gene targeting.
HCGb is a significant marker of malignant transformation. Almost every human cancer produces hCGb to some extent [27] . Studies showed that hCGb promotes cancer cell proliferation and might also promote metastasis. For instance, Laurence A Cole discovered that hCGb can compete with a TGFb to bind a TGFb receptor, as a TGFb receptor antagonism to control apoptosis and promote invasion by activating metalloproteinases [28] . Also, another report showed that hCGb and VEGF play a co-ordinated role through their angiogenic and invasive properties in the development of Barrett's adenocarcinomas [29] . Through the above results we can infer that hCGb might play an important role in cancer-promoting via multiple signaling pathways. Thus, it is essential to investigate hCGb-triggered signaling pathways in tumor migration and invasion.
In the previous study we demonstrated that hCGb changed cancer cell morphology, accelerating cell motility, downregulating migration-inhibiting protein E-cadherin, promoting human prostate cancer migration and invasion [11] . However, the further mechanisms to cause migration and invasion keep unknown. In the present study, we found that some signaling pathways were related to migration and invasion. Here we demonstrated that hCGb upregulated ERK1/2 and MMP-2 leading to cell migration and invasion. Using the ERK1/2 phosphorylation blocker PD98059, we discovered that MMP-2 upregulation resulted from ERK1/2 phosphorylation. ERK1/2 have been proved to contribute to tumor proliferation, migration and metastasis, and several studies reported that hCG promoted the ERK1/2 activation in some cell types [30, 31] . Obviously, these results are consistent with our results that hCG induced ERK1/2 phosphorylation in a dose-and time-dependent manners in DU145 cells. The ERK related pathway is one of the most critical signaling pathways in tumor occurrence, development and clonal expansion. Particularly, MMP-2 is the key molecule in tumor invasion. Our findings that hCGb activated MMP-2 via ERK1/2 phosphorylation in DU145 cells are very important. These results not only revealed the relationship between hCGb and cancer, but 5 cells in a 24-well plate with cell inserts, the cells were added with/ without PD98059(25 mM) for 6 h to detect cell migration, the results showed that hCGb promotes cell migration significantly versus control. (B) In the same conditions we incubated the cells in the invasion chamber with artificial basement membrane, the cells were added with/without PD98059(25 mM) for 12 h to detect cell invasion, the results showed that hCGb promotes cell invasion significantly. All procedures were performed as described in Methods. *, indicates P,0.05 versus control. Data were shown as means 6 SEM from three separate tests. doi:10.1371/journal.pone.0054592.g006 also indicated that we found a novel key pathway to inhibit cancer. Obviously the hCGb/ERK1/2/MMP-2 pathway is vital in tumor invasion, at least in prostate cancer. In other words, we found more useful approaches to inhibit tumor invasion, and further we can develop molecular target drugs.
hCG is composed of two subunits, hCGa and hCGb. These two subunits make a complex, which binds to luteinizing hormone receptor and triggers signaling pathways. However, we do not know if hCGb also binds to luteinizing hormone receptor separately. This study gave us the new clue and will push us to characterize hCGb specific receptor.
Besides, MMPs were regarded to be metastasis-promoting molecules with many kinds of isoforms. They have potentials to degrade the extracellular matrix and basement membrane. MMP-2 has been implicated to be a key member in MMPs. More, ERK1/2 might translocate to the nucleus and activate some transcriptional factor AP-1 to regulate gene transcription [32] . AP-1 locates in the MMP-2 promoter region of MMP-2 gene, thus, ERK1/2 might promote MMP-2 transcription and release [33, 34] . Hence, in order to investigate the role of ERK1/2 in regulating the cell migration and invasion, we successfully determined MMP-2 expression and activity. We found that hCGb significantly increased MMP-2 expression and activity. These effects were remarkably repressed by PD98059 in hCGb transfected DU145 cells. These results showed a crosstalk between ERK1/2 and MMP-2. Coincidently, we also found that hCGb promoted ERK1/2 phosphorylation and MMP-2 expression following the same dose and time patterns. These results indicated that hCGb triggered ERK1/2 activation resulted in MMP-2 upregulation and increased MMP-2 activity. Consequently, hCGb-caused migration and invasion resulted from ERK1/2 activation. However, we have no sufficient evidence whether hCGb-caused MMP-2 upregulation plays a major role in migration and invasion. Transfection with MMP-2 construct and knock out of MMP-2 study might help to answer these questions. Further characterization of hCGb signaling will assist us to find more metastasis markers to meet the therapeutic requirements.
Actually, some experts have started the research on hCGb related antibodies in the field of cancer [35, 36] . Here we uncovered that hCGb phosphorylated ERK1/2 and further upregulated MMP-2 to increase cancer motility in prostate cancer cells. Our results may give new insights into the molecular mechanisms of hCGb regulation, and provide a stronger basis for the hCGb related research on the tumor suppressor agent.
We found a few new molecular targets to inhibit invasion and metastasis of prostate cancer. Effective treatment of prostate cancer is of great significance. Blocking hCGb signaling is a potential therapeutic strategy to treat prostate cancer and other cancers. Further work needs to characterize hCGb receptor; development of hCGb signaling blockers will be a prospective field to lower invasion and metastasis.
